Abstract-Novel fluorescent ionophores bearing imidazo-arylthienyl or imidazo-bithienyl
Introduction
The development of artificial receptors for the sensing and recognition of environmentally and biologically important ionic species is currently of great interest. Highly selective anion triaryl(heteroaryl)-imidazole-based chromophores have received increasing attention due to their interesting optical properties. For example, one of the most interesting applications are as fluorescent chemosensors. 6a-c The development of chemosensors for the sensing of transition metal ions is one of the most active research fields with great potential for environmental and physiological applications, in particular Cu 2+ -sensitive systems. 7 Even though great achievement in the field of colorimetric and/or fluorescent chemosensors for Cu 2+ has been obtained, 8 there is still a demand to develop new indicators with improved properties, especially fluorescent sensors with high efficiency in the visible spectra and with specific selectivity towards Cu 2+ over other competitive metal ions. Also, due to the widespread application of Pd 2+ as catalyst in organic synthesis is important the development of novel systems for its easy detection specially because a high level of residual palladium (typically 300-2000 ppm) is often found in the resultant products, which thus may be a health hazard. 9 We have demonstrated that oligothiophene and arylthiophene derivatives, electronically connected to recognition sites, are efficient -conjugated bridges for the fluorimetric and/colorimetric sensing of certain anions (e.g., F (3) (4) or bithiophene (5) bridges and one or two imidazo-benzocrown ether binding moieties were designed and synthesized.
Results and discussion

Synthesis
Recently the application of a mild and versatile method for 2-benzimidazole synthesis, was reported through a one step reaction involving Na 2 S 2 O 4 reduction of o-nitroanilines in the presence of pyridyl and quinolyl aldehydes 12 in DMSO. To the best of our knowledge, this is the first time that this synthetic methodology is applied to arylthiophene and bithiophene aldehydes and an o-nitroaminobenzocrown ether derivative. Therefore, formyl-arylthiophenes 1a-b, diformyl-bithiophene 2 and 4´-amino-5´-nitrobenzo-15-crown-5 ether were used in the synthesis of imidazo-benzocrown ethers 3-5, using the synthetic methodology described above in order to evaluate the influence of the different π-conjugated bridges on the optical and sensing properties of the new compounds (Scheme 1). Compounds 3-5 were obtained in moderate to good yields (53-78%) and their structures were unambiguously confirmed by their analytical and spectral data (Table 1) . Aldehyde precursors were commercially available (1a) or synthesised as reported previously by some of us (1b, 2). 
Photophysical study of imidazo-benzocrown ether derivatives 3-5.
The electronic absorption and emission spectra of compounds 3-5 were obtained in MeCN/DMSO (99:1) solution (Table 1 ). The comparison of the absorption maxima of compounds 3 and 4 reveals the influence of the introduction of a second imidazo-benzocrown ether moiety as the longest wavelength transition was shifted from 360 to 395 nm, due to more extensive electron delocalization. When comparing compounds 4 and 5, which differ in the electronic nature of the -conjugated bridge, it can be seen that compound 5 shows a higher intramolecular charge transfer efficiency due to the substitution of a phenyl for a thiophene ring. The same trend was observed in the emission spectra for related compounds.
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The study of the fluorescence properties of compounds 3-5 showed that they are strongly emissive, with relative fluorescence quantum yields ranging from 0.10 to 0.76 ( Figure 1 ). Our results revealed a decrease in the relative fluorescence quantum yield when a second imidazo-benzocrown was introduced (3 compared to 4), due to the azomethine nitrogens that contribute to the heavy atom effect concomitant with the increased degree of conjugation, 15 or when a thiophene replaced a phenyl ring (4 compared to 5), with the heavy atom induced spin-orbit coupling by the sulphur atoms giving rise to a very efficient intersystem crossing mechanism, that lowers the emission. 14, 16 In the latter case, the decrease was larger pointing to the better quenching process produced by the sulphur atom present in the thiophene when compared to the nitrogen present in the imidazole. solutions. Having in mind our recent results concerning the sensing properties of imidazoanthraquinone derivatives bearing thiophene moieties, 5d compounds 3-5 were also studied as chemosensors for the F -anion. It is known the acidity of the NH proton of the imidazole ring can also be tuned by changing the electronic properties of the π-conjugated bridge and our results for the signal of NH appearing downfield in the 1 H NMR spectra indicated high acidity and strong hydrogen bonding ability. /a.u.
Wavelength/nm
Due to the presence of protonable imidazo units, all reported compounds were studied in the presence of H + , by titration with a solution of methanesulphonic acid in MeCN/DMSO (99:1).
In general, the absorption spectra of all compounds were slightly affected, showing a red-shift of 10 nm. Regarding the emission spectra, for 3 the intensity of the emission was practically unaffected upon addition of 50 equivalents of acid, whereas addition of the same amount of acid to 4 induced a 50% quenching, and 5 showed a remarkable 70% increase in fluorescence intensity and a 20 nm blue shift. This effect can be probably due to the different aromatic bridge present in 4 and 5, bearing spacers of different planarity between both imidazo-benzo units. 18 At the same time, the protonation at the nitrogen of the imidazo group resulted in a partial quenching. 18b ( Figure 2 ). [H + ]/ [5] B 8 the compounds. (Figure 3 ). This quenching effect can be understood as a PET effect from the lone par of electrons located at the deprotonated imidazole ring. /a.u.
[F -]/ [4] 9
The addition of up to 2000 equivalents of Na + , Li + and K + metal ions practically does not induce spectral changes, producing only a 10% quenching of the fluorescence emission.
However, in compound 5 the addition of the same amount of Na + resulted in a blue-shift in the emission band and an intensity increase of 20% reaching a plateau ( Figure 4) . It is well known that the benzo-15-crown-5-ether quelating unit is used specifically for Na + sensing.
However, our results suggest that the high delocalized charge presented in these conjugated systems could modulate the interaction with the crown ether resulting in small changes in the ground state, as well as in the excited state. and Hg 2+ , it was observed the same quenching effect of about 50% with compound 4.
The strongest interaction observed for the new compounds reported was found in the presence of Pd 2+ and Cu 2+ .
A CHEQ (chelation enhancement of the quenching) effect in the fluorescence emission for these both metals was observed ( Figure 5 and Figure 6 ). Moreover, a blue shift was observed when Cu 2+ was added to ligand 5 ( Figure 6 ). The stronger interaction was detected for compound 4 in the presence of Cu 2+ , where only 25 equivalents are enough to quench the emission. In the case of compounds 3 and 5, up to 40 and 60 equivalents were necessary, respectively. Insets of Figure 5 show the metal ion titration followed at the maximum of the emission band.
Inspection of these figures shows that compound 3 and 5 are totally quenched upon the addition of 15 equivalents of Pd 2+ , while in compound 4, 40 equivalents to obtain the same quenching effect were necessary. In summary, compounds 3 and 5 appear to be quenched more efficiently by Pd 2+ while compound 4 by Cu 2+ . This result turns out from the involvement of the nitrogen atom from the imidazole ring and the sulphur atoms in compounds 4 and 5,both perfectly design to produce a chelate ring.
The quenching effect observed could be attributed to an energy transfer quenching of the π* emissive state through low-lying metal-centered unfilled d-orbitals for Pd 2+ and Cu 2+ , and to an intersystem crossing mechanism due to the heavy atom effect. 
Conclusions
In conclusion, novel imidazo benzocrown ether-based ionophores bearing arylthienyl and bithienyl π-conjugated bridges 3-5 were synthesized in moderate to good yields and evaluated as fluorimetric sensors. Selectivity and sensitivity for Cu 2+ and Pd 2+ was observed for all systems. Moreover, systems 4 and 5 proved to be efficient proton and also basic anion sensors, due to changes in emission after deprotonation of the imidazole NH by the fluoride ion.
Experimental
Synthesis general
Progress of the reaction was monitored by thin layer chromatography (0.25 mm thick precoated silica plates: Merck Fertigplatten Kieselgel 60F254), while purification was effected by silica gel column chromatography (Merck Kieselgel 60; 230-400 mesh). NMR spectra were obtained on a Varian Unity Plus Spectrometer at an operating frequency of 300
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